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(57)Abstract 

PURPOSE: To provide a device and method to measure an ion beam 
current contactlessly at high precision without disconnecting flow of 
an ion beam accelerated by an accelerator or the like. 
CONSTITUTION: A magnetic field by an ion beam inside vacuum 
piping 10 is introduced to a superconductive element 14 by a 
magnetism collector (permalloy) 16, and the superconductive 
element 14 cooled by a cooling part 20 detects a magnetic flux of 
the field to be displayed in an ion beam current meter 26, so an ion 
beam current is measured. A magnetic shield 18 is provided around 
the vacuum piping for eliminating effects of an external magnetic 
field. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2>*** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A magnetic field collection means for it to be generated by the flow of an ion beam and to collect the 
magnetic fields corresponding to said ion beam current, A magnetic-flux measurement means to have the 
superconducting element which induces the magnetic field collected by said magnetic field collection means, and to 
measure the magnetic flux of said magnetic field, A cooling means to cool said superconducting element to the 
temperature to which said superconducting element induces said magnetic field, Ion beam amperometry equipment 
characterized by having the magnetic-shielding means which carries out magnetic shielding of the space where said 
ion beam is flowing, said magnetic field collection means, and said superconducting element from the magnetic field 
of the exterior to these. 

[Claim 2] The ion beam amperometry approach characterized by having the step which measures the magnetic flux 
of the magnetic field where the above except said external magnetic field was collected using the step which arises 
by the flow of an ion beam and collects the magnetic fields corresponding to said ion beam current except for the 
other external magnetic field, and the superconducting element cooled by the temperature which induces a magnetic 
field. 



[Translation done.] 
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DETAILED DESCRPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates an ion beam current to non-contact and continuously measurable 
equipment and an approach especially about the equipment and the approach of measuring the ion beam current 
accelerated by the accelerator etc. 
[0002] 

[Description of the Prior Art] It considers as the approach of measuring the ion beam current accelerated by 
current, an accelerator, etc. with a sufficient precision, and there is the approach of using a Faraday cup. This 
approach catches an ion beam in a cup, and measures that amount of currents directly. 

[0003] Moreover, the amount of beams is indirectly presumed from a beam profile monitor's peak value, or the 

approach of measuring the amount of currents driven in on the target is taken. 

[0004] 

[Problem(s) to be Solved by the Invention] Since the conventional approach was measured as described above, in 
order to catch an ion beam within a cup, while measuring the ion beam current, the ion beam exposure to a product 
etc. was not able to be performed. On the contrary, while performing the ion beam exposure to the product etc., an 
ion beam current was not able to be measured. Moreover, although a beam profile monitor may be used in 
measurement of the beam current under exposure to a product etc., since change of peak value does not express 
the ion beam current with this approach correctly, the amount of ion beams at the time of an exact exposure has 
not been measured. Furthermore, in the measurement which catches an ion beam on a target, since the effect 
which gives the amount of ion beam currents which the secondary electron generated the moment ion collided with 
the target should measure was large, and amended with the class and configuration of the target matter in 
consideration of this effect and the amount of ion beam currents was calculated, it was not able to measure with a 
sufficient precision. 

[0005] This invention was made in order to solve the above troubles, and it aims at offering the equipment and the 
approach which are non-contact, namely, the effect of a secondary electron does not have, either and measure an 
ion beam current with a sufficient precision, without intercepting the flow of the ion beam accelerated by the 
accelerator etc. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the ion beam amperometry 
equipment of this invention A magnetic field collection means for it to be generated by the flow of an ion beam and 
to collect the magnetic fields corresponding to said ion beam current A magnetic-flux measurement means to have 
the superconducting element which induces the magnetic field collected by said magnetic field collection means, and 
to measure the magnetic flux of said magnetic field. It is characterized by having the magnetic-shielding means 
which carries out magnetic shielding of a cooling means to cool said superconducting element, the space where said 
ion beam is flowing and said magnetic field collection means, and said superconducting element to the temperature 
to which said superconducting element induces said magnetic field from the magnetic field of the exterior to these. 
[0007] In order to attain the above-mentioned purpose, it is generated by the flow of an ion beam and the ion beam 
amperometry approach of this invention is characterized by having the step which measures the magnetic flux of 
the magnetic field where the above except said external magnetic field was collected using the step which collects 
the magnetic fields corresponding to said ion beam current except for the other external magnetic field, and the 
superconducting element cooled by the temperature which induces a magnetic field. 
[0008] 

[Function] In the ion beam amperometry equipment of this invention constituted as mentioned above, by 
sympathizing with the magnetic field where the magnetic field collection means was produced by the flow of said ion 
beam, the magnetic fields corresponding to said ion beam current were collected, and the above [ the 
superconducting element cooled to the temperature which induces a magnetic field with a cooling means ] was 
collected, said magnetic-flux measurement means measures the magnetic flux of the magnetic field concerned, and, 
thereby, an ion beam current is measured. In addition, since magnetic shielding of the space and the magnetic field 
collection means of by_which the ion beam is flowing with the magnetic-shielding means, and the superconducting 
element is carried out from the magnetic field of the exterior to these, it becomes possible [ a magnetic-flux 
measurement means ] by said magnetic field collection means' and superconducting element's collecting only the 
magnetic fields produced by the ion beam except the external magnetic field used as a noise, and sympathizing with 
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the magnetic flux of the magnetic field to measure only the magnetic field which produced with a sufficient precision 
by the ion beam, therefore an ion beam current is measured with a sufficient precision, 

[0009] In the ion beam amperometry approach of this invention constituted as mentioned above, the magnetic flux 
of the magnetic field where it was generated by the flow of said ion beam, the magnetic fields corresponding to said 
ion beam current were collected except for the other external magnetic field, and the above except said external 
magnetic field was collected using the superconducting element cooled to the temperature which induces a 
magnetic field is measured, and. thereby, an ion beam current is measured. 
[0010] 

[Example] The measurement principle of the ion beam current by introduction and this invention is expressed. The 
accelerated ion beam can consider that the inside of vacuous tubing is the flowing current. And according to the 
amount of currents, a magnetic field surely occurs at the place where a current flows. If this magnetic field is 
measured with a sufficient precision, it is possible to measure an ion beam current indirectly. However, like it, in 
order to measure few magnetic fields with a sufficient precision, since the magnetic field produced by the 
accelerated ion beam cannot be measured, it usually uses many superconducting elements with the fluxmeter using 
the usual coil etc. In addition, if a superconducting element is used, according to the purpose, measurement of a 
direct-current magnetic field and an alternating current magnetic field is possible. 

[001 1] Since the effect of the external magnetic field used as a noise will arise in that case if it is going to measure 
a minute magnetic field with sufficient sensibility, it Is prepared so that magnetic shielding for preventing the effect 
may surround an ion beam. Moreover, in order to measure a minute magnetic field with sufficient sensibility and to 
make it measured value not change with the locations of the ion beam to the superconducting element which is a 
measurement component the magnetic collector which consists of a permalloy which collects the generated 
magnetic fields efficiently and is led to a superconducting element is the surroundings of an ion beam, and it is 
prepared inside magnetic shielding. Furthermore, a superconducting element is intercepted from an outside— 
temperature environment with a heat insulator etc. in order to operate it to stability, and it is cooled to operating 
temperature by the cooling system. 

[0012] Next, the measuring device of the ion beam current of this invention based on the above-mentioned 
measurement principle and one example of an approach are explained below with reference to a drawing. In addition, 
this invention is not limited to this example. 

[0013] Drawing 1 shows a part of fundamental configuration of the measuring device of the ion beam current of this 
invention, and one example of an approach in the form of a sectional view. In drawing 1 , 10 shows vacuum piping for 
which the ion beam 12 accelerated by the accelerator etc. is flowing the inside of it. The interior of the vacuum 
piping 10 is made into a vacua, and an ion beam 12 flows in the direction which intersects perpendicularly to the 
field of a form in the inside of it, i.e., a drawing. Since there are usually few magnetic fields which intersect 
perpendicularly In the direction by the ion beam 12 which is flowing, and are generated in the shape of a periphery 
focusing on the Ion beam 12 concerned, in order to collect them and to lead to a superconducting element 14 
efficiently, in the interior of the vacuum piping 10, an ion beam 12 Is surrounded and the magnetic collector 16 made 
from the magnetic substance, such as a permalloy, is arranged in the shape of a ring. The superconducting element 
14 is inserted in the piece place of the magnetic ring-like collector 16. In order to cover the interior of the vacuum 
piping 10 from the external magnetic field of the vacuum piping 10 which serves as a notse in order to collect only 
the magnetic fields generated by the ion beam 12. to lead to a superconducting element 14 and to detect only the 
magnetic flux of the magnetic field concerned by the superconducting element 14 with the magnetic collector 16, 
magnetic shielding 18 is formed so that it may be surrounded on the outside of the vacuum piping 10. Moreover, 
although not expressed by the drawing, magnetic shielding is prepared so that the superconduction detecting 
element which does not become the hindrance of a beam and contains the magnetic collector 16 and a 
superconducting element 14 may hide before and after this measurement system. The cooling section 20 for a 
superconducting element 14 to cool to the temperature which can detect a magnetic field is formed, and in order 
that the cooling section 20 may operate a superconducting element 14 to stability. It has the heat insulation section 
which consisted of heat insulators which insulate heat from the exterior, and the periphery section of the cooling 
section 20 is put into liquid nitrogen 22 as an object for the primary cooling of concrete, and is put into the liquid 
helium 24 which carries out an operation of the secondary cooling of concrete In the Interior. The magnetic flux of 
the magnetic field detected by the superconducting element 14 is changed into a current and is displayed by the ion 
beam ammeter 26 through a magnification control section (after-mentioned). In addition, in order to make an 
understanding easy, in a part of drawing 1 , the relation of the minute magnetic field, and the current and the 
electrical potential difference in a superconducting element 14 is shown in ** type. 

[0014] Drawing 2 shows the example which constituted the superconducting element 14 shown in drawing 1 and the 
ion beam ammeter 26. and the magnification control section of a superconducting element 14 from a well-known 
dcSQUID fluxmeter which contains two Joseph Seng components in the small superconduction loop formation of an 
inductance, the superconducting element which 14 consisted of in drawing 2 with the coil with which parallel 
connection of the two Joseph Seng components was carried out — 28 — the source of a direct current — in 30, 
32 shows a lock-in amplifier, 34 shows an oscillator for amplifier, respectively, and the notation of L, C, and R shows 
a coil, a capacitor, and resistance, respectively. 

[0015] Next, actuation of the measuring device of the ion beam current which Is one example of this invention 
constituted as shown in drawing 1 and drawing 2 is described below. In drawing 1 , the minute magnetic fields 
produced when the beam which had the inside of the magnetic-shielding 18 vacuum piping 10 carried out ionized 
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runs are collected by the magnetic collector 16. and are led to a superconducting element 14, Under the present 
circumstances, since the vacuum piping 10 interior is covered from the external magnetic field with magnetic 
shielding 18. the magnetic collector 16 collects only the magnetic fields produced by the ion beam 12, and leads 
them to a superconducting element 14. The superconducting element 14 is beforehand cooled by the cooling section 
20 to the temperature which can detect the drawn minute magnetic field. 

[0016] In drawing 2 , where the minute magnetic field which it is going to measure to the superconducting element 
14 which consisted of dcSQUID components is applied, a fixed current is made as a sink in the source 28 of a direct 
current and a dcSQUlD component is made into operating state. A current is denied on the electric wire 15 (aid so 
that the magnetic field which it is going to measure through the ion beam ammeter 26 might be negated on the 
other hand that a sink and a dcSQUID component are semi- static, and a current is adjusted to it. The amount of 
currents when changing into this semi- static condition turns into the amount of Ion beam currents. Moreover, the 
judgment of whether to be in a semi- static condition is checked when the current wave form where denied on the 
electric wire 15 laid with the oscillator, and the lOOkHz minute oscillation current was detected with the sink and 
the SQUID component with the current Is lOOkHz. In not being in a semi- static condition, it shows the value near 
200kHz. The current detected by the SQUID component is led to a lockHn amplifier 32 through amplifier 30, it 
denies that it becomes the same as an input frequency here, and adjustable [ of the current ] is carried out It 
denies at the point which became the same frequency, and a current is locked. 

[0017] by operating as mentioned above, the indicated value of the ion beam ammeter 26 was proportional to the 
magnitude of an ion beam current — it becomes. 

[0018] Furthermore, can be correctly rehabilitated of rehabilitation for the above-mentioned Indicated value to 
express the magnitude of an ion beam current by passing the current of a known amount on the electric wire 
beforehand attached along the piping direction of the vacuum piping 10 Inside the magnetic collector 16. In addition, 
the electric wire for this rehabilitation may remove after rehabilitation from the vacuum piping 10. 
[0019] Therefore, by non-contact continuously, the ion beam amperometry equipment and the approach of an 
example which are shown in drawing 1 and drawing 2 are measurable, and. moreover, can measure an Ion beam 
current with a sufficient precision. Moreover, since it is arranged in the form where the magnetic collector 1 6 
surrounds an ion beam 12, even if the location of a superconducting element 14 and an ion beam 12 changes, it can 
measure to stability. 

[0020] Next, the example of a design is shown below. 

[0021] 1. Set the unit of H (A/m) and magnetomotive force to NI (A) for the unit of a basic formula field. 
[0022] Flux density B is [Equation 1]. B=muH=muOandmu*-H (T) 

It can express. Here, the unit of flux density is T (tesia) and Is 1(T) =1 {Wb/m2), In addition, the unit of magnetic- 
flux ** is set to Wb (weber). 

[0023] Moreover, mu in the above-mentioned formula shows permeability, and, as for mu 0, space permeability and 
mu* show relative permeability, respectively. 

[0024] In addition, it is mu0=4pix1 0-7=1.257x1 0-6 (H/m). and is 1(H) =l(Wb/A) =1 (V/s/A). 
It is l(Wb) =l(V/s) =1 (H-A). 

[0025] The magnetic field strength produced according to the current which flows on an infinity length electric wire 
is [Equation 2] by the formula of a BIOSA bar. It is expressed dH= (I/4pi) and (dl-r) / r3. Here, the distance which 
results in the point that I expresses a current and the die length of a part of I with minute dl, and r expresses dH 
fi'om the point of dl is shown. 

[0026] 2. As for the magnetic field strength produced according to an infinity straight-line current the formula of 
the following [ value / to a negative infinity / integral ] is drawn by the positive infinity from the formula of the 
above-mentioned BIOSA bar. 
[0027] 

[Equation 3] H=integraIdH=I / 2pir formal twist, and the ion beam current that should be measured are the 

magnitude of ImicroA, and from the point on the magnetic collector 16, i.e., a beam, when the diameter of the 

magnetic collector 16 sets to 11cm, the magnetic field strength of a 5.5cm point Is as follows. 

[0028] H5.5=2.895xl0-6 (A/m) 

In addition, magnetomotive force is NI=1xl0-6. (A) 

It comes out. 

[0029] 3. Set the diameter to 1 1cm as mentioned above, and let the cross section be a Icmxlcm rectangle noting 
that you form the magnetic collector 16 of an annular permalloy in the perimeter of the magnetic-flux derived 
quantity beam by the magnetic collector 16 of a permalloy. However, since the size of a superconducting element 14 
is smaller than the above-mentioned cross section, it is necessary to narrow down the part which leads magnetic 
flux to a superconducting element 14. and a cross section sets size of the narrowing-down part concerned to 
0.5cmx0.5cm. and It sets the overall length of the part of the both sides of a superconducting element 14 concerned 
to 2cm. In this case, magnetic reluctance RB is [Equation 4]. RB=(L1/muOandmu*, Sl)+ (L2/mu0andmu*, S2) 
= 0.3254/(mu 0. 1x106-1x10-4) 
+ 0.02/(mu 0. 1x106-2.5x10-5) 

= 3225.1 — here, the overall length of the above-mentioned narrowing-down part to which the overall length of the 
magnetic collector 16 and SI lead the cross section to a superconducting element 14. and. as for LI. L2 leads 
magnetic flux, and S2 show the cross section, respectively. 
[0030] Therefore, magnetic— flux ** becomes as follows. 
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[0031] 

[Equation 5] ** — =NI/RB=1x 10-6/3225. — 1= 3.101x10-10 (Wb) 

As mentioned above, the magnetic flux led to a superconducting element 14 through the magnetic collector 16 of a 
permalloy by the magnetic field as for which induction was carried out by the beam of ImicroA is set to 3.101x10- 

10 (Wb). Therefore, it will be set to 3,101x10-13 (Wb) If rt is the beam of 1 nA. 

[0032] 4. It is known that the inductance L of the superconducting element which carried out magnitude loop shape 
of a superconducting element 14 will be called for by the degree type. 
[0033] 
[Equation 6] 

L**4pix10-7xrxln (r/a) (H) 

Here, r is the radius (m) of a loop formation and a is the radius (m) of a strand. 

[0034] When the radius of 2mm and a strand is set to 0.25mm for the radius of the loop formation of a 
superconducting element 14, the Inductance L of a superconducting element 14 is [Equation 7] from the above- 
mentioned formula. 
L**4pix1 0-7x2x 1 0-3xln (2/0.25) 
= 5.23x10-9 (H) 
It becomes. 

[0035] By the way, it must be 4kHz or more, and in order to operate stability in the noise by the thermal current 
etc., it must be L<=2x10-8H. and in order to carry out still more reliable actuation, it is supposed that it is L**10- 
9H. 

[0036] Therefore, since the inductance L of a superconducting element 14 is 5.23x1 0-9H. it is smaller than a upper 
limrt required to operate to stability, and is the order of a value required for still more reliable actuation, and it turns 
out that the superconducting element 14 of this example operates to stability. 

[0037] The magnetic field by which induction is carried out from the above-mentioned example of a design when 
Imicro about A ion beam is passed is about 3.101x10-10. It is (Wb). and in the magnetic field measurement by the 
superconducting element, since measurement of the minute magnetic field of 2.07x10 -15 (Wb) extent is 
theoretically possible, the current of an ion beam is understood are measurable by the configuration of this invention 
also from a principle side. 

[0038] Therefore, when Imicro about A ion beam is passed, since [ according to / in the magnetic field by which 
induction is carried out / a superconducting element] it is theoretically larger than a measurable magnetic field 
about about 5 figures, it is easily measurable if it is the beam output range of the accelerator with which it is usually 
used more than nA extent. 

[0039] In addition, it responds to the application of the ion beam current made into the measuring object in the 
above-mentioned example although the magnetic-flux system of measurement using the dcSQUID component as a 
superconducting element 14 is used, and is RF. The magnetic-flux system of measurement using SQUID or which 
[ other ] superconducting element is sufficient, 

[0040] Moreover, if the equipment of this invention can constitute at a low price by development of a high 
temperature supercondactor etc. and the large thing of a measurement range is manufactured, the application, such 
as improvement in the improvement in the engine performance of an ion accelerator and the progression in quality 
of a product, and various kinds of experiment precision using the ion beam further, will become wide range. 
[0041] 

[Effect of the Invention] Since the ion beam amperometry equipment and the approach of measuring the ion beam 
current accelerated by the accelerator of this invention etc. are constituted as explained above, they do so 
effectiveness which is indicated below. 

[0042] It is generated according to an ion beam current, and it is in the condition that the ion beam is flowing the 

magnetic flux of the magnetic field corresponding to the magnitude of the current by the superconducting element, 
and becomes possible to measure without affecting the flow of an Ion beam, and enables this to measure an ion 
beam current. 

[0043] Therefore, since the current can be measured by the ion beam and non-contact, an ion beam current can be 
measured under what kind of situation. For example, irradiating an ion beam at a product, the ion beam currently 
Irradiated can be measured, and precision improves without the error by an exposure and measurement becoming 
separate like the approach using the conventional Faraday cup arising. 

[0044] Moreover, the effect of a secondary electron disappears from It being non-contact like the approach using 
the conventional Faraday cup. and the accuracy of measurement improves also in respect of this. 
[0045] Since this invention has the above effectiveness, it can apply to the industrial process using an accelerator 
widely, and the progression in quality of a product and improvement in experiment precision are achieved by using 
the equipment or the approach of this invention, or its equipment or approach of this invention is widely available to 
the application to accelerator control etc. 



[Translation done.] 
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* NOTICES * 

JPO and ^^CIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2, ^ip¥^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rPrawing 1] It is drawing showing a part of fundamental configuration of the measuring device of the ion beam 
current of this invention, and one example of an approach in the form of a sectional view. 

[Drawing 2] It is drawing showing the example which constituted the superconducting element 14 shown in drawing 1 
and the ion beam ammeter 26, and the magnification control section of a superconducting element 14 from a 
dcSQUID ffuxmeter. 
[Description of Notations] 
10: Vacuum piping 
12: Ion beam 

14: Superconducting element 
16: A magnetic collector 
18: Magnetic shielding 
20: Cooling section 
26: Ion beam ammeter 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Translation done.] 
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-Am^i&J^^^Sicisi^^-CJt. |JriB'<':t>b-A©yfen 
{C J: f) i 13 . BUSB-f * > b- AMSS(c5i*f£; U/cSati*:^-?- 

x'}^m^titcm^mm'f-^m^>xmtd.nmsM^'^^ 

50 9. -<2|->b-A^SSE*siiJ^3*is. 
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[00103 

<t c 5 i,ciimm.Micft:^oxs-rmmAi!>m^r ^. c 
<Dmm=k«mB. < m^rtiiimmmKi ■^^>\^- j.mwL 

>tr-A(c<i:0iD-5e«»M:i:-e-ns«^<^f<. ii> 
[0 0 1 n m-mi,^m!S.^<i&mLJ:^t 

AtDfiiStc cfc TSJ^ffids^Yt U J: ^ tc -r ^ fca?) . 
[0 0 1 3 ] HUi, $^B8©-f :*->t*-ASij£®a«^ 

fctiT«flg«E©®cc*fLrfi[^f-5:&ifijtc^n<s. sfeia 

r^,i•2>^':^->fc•-A i 2{c:j:fj-?-©:^ioJiciiL^L/rSR 
^'3}->t'-Al 2%4''i:viL/rR®l:«K^iT?>iSiatt 
aSi4>Jit»©r'. -^47^»d?)r59!i^m<fiG#»^i 4 

Ai 2^Hi?^'J>^««:«fi|^tf>'>'--v'P-m©ai4^-C' 

^ 1 4 « y > !fVt(DmM=i b 1 6 ©-^l0f i;c/^» s 

J:«^^l.fciSil«©<?('?:^lx»urse^m^^l 4{C^ 

tceb. y -C Xi :^d:-2.*^iBm i 0 ©J^g|5fietg*>6^Sie 
■gl 0©rtSB%ii^-r4A:*K^BE'&l 0©HlIliC-en 



(3) ffM^T- 1 3 5 0 9 9 

4 

jaeas*^^ 1 4 ^ ^tfffle^t^iaisp*sisti€. J: ^ tcs^ 

ti. ?^a5 2 0K, SG^^^l 4%SS«:S)b{'P3-t±S 

fm^Mi^. mm 2 0 ©j^jg^«— ti^xm 
4 (c J; t^aj ^ n/ci^is©fism«mjis«:^^ $ nifissij 

10 iaise at20 €r/r-L/-C-r:i->fc^-ASSStf2 6«:j:»)^ 
*5i^r. Me^*^i 4^^;*Jl^sgS[/J^fi5«<!:^ -mff 

c 0 0 1 4 ] 0 2 01 tcn^^n-see^s-?- 1 4 

MaigPi -f > ^i' ^>x©/jN$tiae»;U-:7-4J<c 
2{l©t^3-fe:7-fe>^^^#tf:a33I©d c SQU I DW. 
^H-C^JStfe^^O^^To ia2tC*JI.»T. 1 4W2flll© 
3 -fe 7 Hz >^-?^*sM5iM^ S 41 Ain Jl'ic j: 0 3 
20 nfcMfi^^-?*. 2 8 {SttitSljfeas?:, 3 0«itiPsS 
3 2»a^^-l'>ititig|?:. 3 4 «^JgS5:-€-n-e 
tiTSO. L, CfeJ;afR©i2-^«=i-/Jl', 

[0 0 15]i^«:, m\isJ^m2.l.Lm-$tii>^^t^m 

£^S©K)i1f^JWT«:^'^S. Sltc^st^T. MMS^- 
Jl/F 1 8 SnfcK^ieif 1 0rt?:-f:t>^t3n/cb--A 

llStz. SG^S^l 4ic^di47S, c©l^. ^SSeir 
30 1 OrtgP»^i^-;b K 1 8«:j:«3?i-gPi^ti*^6iE^5 
nri^S/cisi), fiS^nUi'^ 1 6»>f3f->bf-A 1 2(c 

mBmm^i 4«, «*i*a/c'^WN®Js=^^ai-ctiigs 

^ -cf^gU 2 0 (c J; ^fe?^*fi 3 nr t » S . 
[0 0 1 6 ] S2K:fcl»-C. d c SQU I D^-iFTl«Jjg 
2 flfcSG^*^^ 1 4 tCgrj^ L J: -5 i T -5 {a/J>^tSAS*^ 
tte.n/cRiir, il^m?jS?^2 8-C-^©«-^^r^L. 
d c SQU I Da^^«jfm®fc-r-5. — -{^^k: 

-A^ff-2 6 ^r^LTSil^L J: 5 if -SfiSi^^fr^^S 
40 ■rJ;^(c?^^L./c«i^l Sic^^^i^L, dcSQUI 

c©*t#Wtii:^tc;5:-o/cB$©«iolS*^'i':i->f-A 
SiJiESi^cS. ii#a«Jt«^t?*Sj&>©*»Mtt^!S 
Sic«i:ot:i5JSL//cm^l StcJT-^mL/^i^iittci 0 

0 k H z (Dt^^i-^^m^^m b . SQUID m^x-m 

Ltcm^mMii^ 1 0 0 k H z X'^^C itc J: oTffitS-r 
•5, ii»tf;]<^t:--^C^«-^{c«2 0 0 k H z {cJgL>M^ 

SQU iDm^t,cj:-z,x^tiiufcmmtmsm3 

o^/rL, a-;>i7W>iiifsil3 2Jc«3?»>n. cc-cA;'^ 

50 mm.m^mo(>crj:^j:^icrsiz>mv^m^'^^u. mo 
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[0 0 1 7] j^iojc^tca&f'PTSciccjco. -r^^ 

[0018] S(c. ±ieJi^nffl*w^>if-A^?s<D^ 
* S *a-r J: ^ fc-r ■S.fcs?)<DHiE«, fism^ U f 5^ 1 6 
©i*Hjn)«:X3gi2« 1 0©gg'g:^i^tc7S-^r^^«*H^S:b/c 
^S(cKai*OIKjK=5:iig-r C i (C j; »3 ZESiKMiE^S C 

X^ig«l 0*i6B5l'3i^UT4jt,»r*>J:l». 

C00 19]Sto-C. a 1 *sJ:CKS2tCm3nSII*Sfi^ 

[0020) ^XK. ^tf-f««r«T«:^-r. 

[0 02 1 } 1 . S:*:4>SC 

m^(Dmm.^H (A/m) . jafiattjo^ii^N i (a) 

[0 02 2] fi6mS&SB« 

[IS1 ] B = nH=Ho • • H (T) 

1 (T) = 1 (Wb/m') ^d:*J. ^<l> 

[0 023] ±iB^CDtlJCDMtt38?S^. u^itM 

[0 02 4] ^Cfc. tt. = 4 3CX 1 0-'= 1 . 2 5 7X 
1 0 * (H/m) 

1 (H) =1 (Wb/A) =1 (V/s/A) 
1 (Wb) = 1 (V/s) =1 (H • A) -C*5.„ 

[0 025] MiKfis^tc^ns^tcjio-c^D-se 

HCD® 3 » bf jMf - ^KDSCtC <fc -7 r 
[^2] dH= {I/4 7C) • (dl •r)/r' 
i^Si^-S. CC-C. HJSi^E. d 1 tt I CD— gP^oea 
/hi^tS? . r tt d 1 Oj^^ 6 d H ^ra-r.^{CC^fcSgBit 

[0 02 6] 2. SI®iti^«i>gfCj:-,rS 
[0 02 7] 

m3] H= J dH= I/aTC r 

mn=il'i7^ 1 6<DitS*s 1 1 cmif S<h. ^ 
^=11^^^ l6±omM. SP^^-J^i!Ph5. 5cm<Z> 

[ 0 0 2 8 ] H,.. = 2. 8 95X 1 0-' (A/m) 
e^::^»N I = I X 1 o-» (A) 



(4) 4tia¥7- 1 3 5 0 9 9 
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[0 02 9] 3. /N'-va>f<DfiS»3Ui'^ 1 6{CJ;S 
-eoWf®?: 1 cmx 1 cm<0f§1^tr?>. iRly. BSM 

1 4 {csa^^z» < gp^ w. 1 4 ©tf^f x 

K0jA^^g[5^O1J-H'X{J. BrffiJ&^O. 5cnix0. 5 c 
mi m^m-m^ 1 4©MiiJ©^g^SP^©^S^2 c 
10 mirS. C©«^, ?S«S!aRB» 

[1^4] RB= (L,//z. • tf* • S,) + (L./tf. 

• i!i * • Sj ) 

= 0. 3 2 54/ (m» • 1 X 1 0* - 1 X 1 0-') 
+ 0. 0 2/ (u, • 1 X 1 0' • 2. 5x10-') 

= 3 2 2 5. 1 

[0 03 0 ] fi^oT. mM4>irA0>M'!} ii&S. 
20 [0 0 3 1 ] 

[^5 ] 4> = N I/RB= 1 X 1 0- V3 2 2 5. 1 
= 3. 10 1X1 0-" (Wb) 
«±5&^6. 1 MA©t-AfCcfcorK«a$n/cffiaiik:j; 

I 4(,cmtfttli>^it. 3. 1 0 1 X 1 Q-" (Wb) 
iiftSo tifor. 1 n A©lf-A-C*titf. 3. 10 1 

X 1 0-'' (Wb) 

[0 0 3 2 ] 4. 4(D:K^S 
[0 0 3 33 

me] 

L = 4 7CX 1 O 'x r X 1 n ( r/a) (H) 
C C -C, r WJl/- ^©^ ( m ) -C* «5 . a »^|^©* 
m (m) ■C«>€>o 
[0034] Se^^^l 4(D)l-^<Dmm^2mm. 
mm<Dmm^O. 2 5mmiT^.i, iag^^^l4© 
^ > $ L «±ie^ J; •? , 

mi] 

40 L%4 TfX 1 0-'x2 X 1 O-'x 1 n (2/0. 25) 
= 5.23X10-' (H) 

[0 03 5] i C^-C, 4 KH z ^:Ui-e7&>-^|gie{jfj:m?JiE 
{Ccfc-2>^-(X^©>5r7&5-c$^Jciftf^3ifS«:{i. L^2 

XI 0-'HX'm-finlirj:^rj:<, $ 6Jcff Stt©iSC^t& 
ffJ&3-&StC». 1 0-'Hr'*SiStlTl,»-5. 

[0 0 3 6 ] fie^Sg^l 4©-/>5«'i'5f>X 

L«5. 2 3x 1 0-'HT-*-5©-t?, ^^fCSbf^-r^S© 
KljiJS^cilE^ii cfc D 3 < . 3 6 tce^tt©iS<,iii<^{C 
50 i^J^^Cffi©:*-- dfr * *) , :*^Jfe^©jeiE^^-?- 1 4 ifi 
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[0 037 ] ±iBL/c|gltm*>6. i uAmm(0^:i-> 

t:-'j>.^mvfcmicmmsri^mmt,m3. i o i x i 
0-^" (wb) meMm^icj:?>m.mmm-c 
kt^jmic 2. 0 7x10-^' ( Wb ) m^<DWLfhmm 

[0 038] S^oT. 1 fiAfiS©'f:t>t:-A<£:gfeU 

pjfg^cfiam J: •? s« 5 c i *i e. . n Amm. 

[0 039] ±immmici5i.>xit. mBmrn^r 
i4iurdcSQui DMi'^mi^tcm^mmm^m 

kjc DT R F SQUID ^m<oi^-rn(Dm&»mir^ 

[ 0 0 4 0 ] 3Efc. m^&m^<om^icj: o -c:^^ 

[0 04 1 ] 

[^B^©^||] *^BjcDtiniis^Kcto-ciinji3n/c'f 

[0 04 2] -r:f>t'-AmgSK;J:f]*D. -eoSijS® 
> tr- A^siinr i > 5 tfc«Td>o 3h > tf - AcD^tiK 



[oo4 3]€eoT> ^^iy^-istimf&r:^<omT^ 

A^Tjgj&^S'JS-C^-S. SSJo^D^C-Cxf-^f-A^ftg 
**L/)5c7&se>. -e©MI42tlTliS'f:^>t'-A€r8'j^f 

[0044] tfc, ^mM-CS>i>Ct*^h. m^<D-yy 
10 "j^f-ti V :f^mi^tcim(Oj: 5 «: 2 ^Xm^©^S7&sM 

[0 04 5] :$^B^{t, ±IB<D<i: ^>)5c?9!l«*Wf -so 

^B^CD^SXttl&ffi^J'Jffl-r 5 C i k: J: t) ^S,<Dm(Dm 

[01 ] 2|E^W©'f:i->K-AS?5i5©a'ISS^S*iJ:0':& 

[02] 0i(c;^?n^ffle«*^=-i 4*$j;(yf-i2j->br 

- A^it 2 6 i , 1 4 ©*iipi$ijaigp 4 * d 

c SQU I Dismfi-r«j5SbfcW*^-r@f*s, 

[#^©SiBg] 

1 0 : Mmsm 

1 2 : -Y^ve-A 

1 4 : mm^m^i- 

1 6 : 

30 18: jim^^-Jl' K 

2 0 : mPSU 

2 6 : 'f:^->l^-ASSSfi- 



[H 1 ] 



ifi 




(6) 7- 1 35099 




